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osting by EAbstract Adult males of the Wistar albino rats (Rattus norvegicus) were exposed to lead acetate
trihydrate in drinking water (0.0%, 0.25%, 0.5%, 1% and 2% for 1–12 months) to investigate his-
tological and histochemical alterations induced by lead intoxication in the liver. Chronic exposure
to subtoxic concentrations of lead produced changes in the hepatocytes, portal triads and the
sinusoids. The alterations in the hepatocytes were mainly anisokaryosis, nuclear vesiculation,
binucleation, cytoplasmic inclusions, cytoplasmic swelling, hydropic degeneration, necrosis and
reduction in glycogen content. In addition, portal triads mild chronic inﬂammation, Kupffer cells
hyperplasia and occasional fatty change were seen together with hemosiderosis. No portal ﬁbrosis
or cirrhosis was detected due to chronic subtoxic doses of lead exposure in the liver of any member
of the dose groups over the entire period of the study. Chronic lead exposure also increased the
activities of alkaline phosphatase and a-glycerophosphate-dehydrogenase which might be an
adaptation to the metabolic, structural and functional changes in the organelles of hepatic cells
due to lead intoxication. The ﬁndings revealed that chronic exposure to lead produced signiﬁcant
histological and histochemical changes in the liver of the Wistar albino rats.
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lsevier1. Introduction
For many years, lead has been considered to be the toxicant
that poses the greatest risk ( U.S. EPA, 1989; Smitherman
and Harber, 1991; Waalkes, 1995). Continuous environmental
and occupational lead exposure can cause several changes in
the liver structure (Piasek et al., 1989; Jarrar, 1999). Lead is
conjugated in the liver with glutathione where part of it and
its conjugate are accumulated in the hepatic tissues (U.S.
EPA, 1986; ATSDR, 1993; Yagminas et al., 1990), leading to
impaired liver functions (Skerfving, 1988; Flora et al., 1991;
Shinozoka et al., 1996; Taib et al., 2004). Biochemical studies
showed that lead induces reduction in lipids, cholesterol and
204 B.M. Jarrar, N.T. Taibglycogen levels in the liver (Tulas et al., 1992; Sherlock and
Dooley,1993), but produces an increase in hepatic lipid perox-
idation (Skoczynska et al.,1993), in addition to alterations in
the activity of some hepatic enzymes (Kowalczyk, 1986; Mor-
gan et al., 1991; Nehru and Kaushal, 1993; Jarrar and Mah-
moud, 1999; Jarrar et al., 2006). The histological and the
histochemical characterizations in the hepatic tissues due to
lead intoxication are not documented and have not yet been
identiﬁed. In the present study, an attempt has been made to
characterize the possible histological and histochemical altera-
tions in the hepatic tissues following experimental long-term
lead poisoning with subtoxic doses in male Wistar albino
rats.Figure 1 Lead-treated rat received 2% sodium acetate trihydrate
for 7 months demonstrating normal portal hepatic tissue. H&E,
300·.
Figure 2 Lead-treated rat received 1% lead acetate trihydrate
for 7 months demonstrating an aggregate of inﬂammatory cells in
the portal triads (arrows). H&E, 300·.2. Materials and methods
A total of 60 male Wistar albino rats (Rattus norvegicus) of the
same age weighing 110–130 g of King Saud University colony
were used. Animals were randomly divided into ﬁve groups of
12 rats each. Following a period of stabilization (7 days), lead
acetate trihydrate was administered in drinking water at the
rate of 0.0%, 0.25%, 0.5%, 1.0% and 2.0% lead acetate trihy-
drate (Proanalysis-Merk, Germany). The control group re-
ceived 2.0% sodium acetate in the drinking water. The rats
were maintained on standard laboratory animal diet pellets.
One animal from each group was killed by dislocation of the
neck at intervals of one month during 12 months of treatment
with lead acetate trihydrate.
Fresh portions of the lateral lobes of the liver from each rat
were cut rapidly, ﬁxed in neutral buffered formalin (10%),
Holland-Bouin’s and Gendre’s ﬂuid were then dehydrated,
with grades of ethanol (70%, 80%, 90%, 95% and 100%).
Dehydration was then followed by clearing the samples in
two changes of chloroform. Samples were then impregnated
with two changes of molten parafﬁn wax, then embedded
and blocked out. Sections (4–5 lm) were stained according
to Pearse (1985), Bancroft and Stevens (1986) and Kiernan
(1989) with the following conventional histological and histo-
chemical stains: hematoxylin and eosin, periodic acid-Schiff
(PAS), Best’s carmine stain, Mallory trichome and Prussian
blue reaction. Stained sections of control and treated rats were
examined for alterations in the architecture, portal triads,
hepatocytes, sinusoids and for the presence of necrosis, fatty
change, portal ﬁbrosis and cirrhosis. The assessed histochemi-
cal alterations included hemosiderosis, pigmentation and
glycogen content.
Histochemical reactions for alkaline phosphatase and
a-glycerophosphate dehydrogenases were performed on fresh
unﬁxed cryostat sections. The demonstration of alkaline phos-
phatase was based on the modiﬁcation of Gomori medium by
Mayahara et al. (cf. Pearse, 1985). The medium consisted of
10 mM b-glycerophosphate dissolved in 80 mM Tris–HCl buf-
fer (pH 9.2) to which 3.9 mMmagnesium chloride and 2.0 mM
lead acetate were added. The sections were incubated at 37 C
for 25 min, washed in normal saline, developed for 2 min in
1% yellow ammonium sulﬁde and mounted on glycerin jelly.
The speciﬁcity of the reaction was controlled by incubating a
parallel set of sections (liver sections of control group) in the
medium without substrate. The overlap between alkaline phos-
phatase and adenosine monophosphatase was controlled by
levamisole, a selective inhibitor for alkaline phosphatase.Prior to carrying out the reaction for a-glycerophosphate
dehydrogenase, sections were treated with cold acetone
(±0 C for 5 min) in order to remove lipids. Lipid extracted
unﬁxed fresh frozen cryostat sections were used for the histo-
chemical characterization of hepatic a-glycerophosphate dehy-
drogenases according to Frederiks et al. method (1986). The
ﬁnal incubation medium for a-glycerophosphate dehydroge-
nase consisted of the nitro blue tetrazolium (NBT) stock solu-
tion, the substrate solution and the employing co-enzyme. The
NBT stock solution consisted of 2.5 ml NBT solution (4 mg/
ml), 2.5 ml of 0.2 M Tris buffer (pH 7.4), 1 ml of 0.05 M mag-
nesium chloride and 3 ml of distilled water. Potassium cyanide
(100 mM), a respiratory chain inhibitor of cytochrome sys-
tems, was added to the ﬁnal incubating medium.
Figure 3 Lead-treated rat received 0.5% lead acetate trihydrate
for 3 months demonstrating Kupffer cells hyperplasia. H&E,
420·.
Figure 4 Lead-treated rat received 2% lead acetate trihydrate
for 4 months demonstrating anisonucleosis (arrows). H&E, 300·.
Figure 5 Lead-treated rat received 0.5% lead acetate trihydrate
for 3 months demonstrating nuclear vesiculation. H&E, 540·.
Figure 6 Lead-treated rat received 1% lead acetate trihydrate
for 4 months. Some hepatocytes had pyknotic nuclei. H&E, 300·.
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The lobular architecture in the liver of lead-treated rats was
preserved and kept intact in all treated rats even after
12 months of 2% lead acetate trihydrate administration and
the accentuation of lobular zonation were not altered due to
lead intoxication. In comparison with the control group
(Fig. 1), the following histological and histochemical altera-
tions were detected in the liver of lead-treated rats.
3.1. Portal triads inﬂammation
Occasional chronic portal triaditis was seen in the portal triads
and the periportal zones of lead-treated rats. This changeappeared after 6 months and more of lead exposure. The
inﬁltrate cells were mainly lymphocytes and plasma cells
(Fig. 2).
3.2. Kupffer cells hyperplasia
The sinusoidal Kupffer cells became prominent and increased
in number due to lead intoxication (Fig. 3). This change ap-
peared early at 0.5% lead acetate trihydrate and more for
2 months and more of exposure.
3.3. Anisokaryosis
Mild anisonucleosis was observed in some hepatocytes. This
change became apparent after the second month of lead treat-
ments in the liver of all treated rats (Fig. 4).
3.4. Nuclear vesiculation
This alteration appeared early in the liver of lead-treated rats
but became rare or disappeared with continuous lead treat-
ment (Fig. 5).
Figure 7 Lead-treated rat received 2% lead acetate trihydrate
for 5 months demonstrating hepatocytes binucleation (arrows).
H&E, 540·.
Figure 8 Lead-treated rat received 2% lead acetate trihydrate
for 11 months. There was cytoplasmic eosinophilia in some
hepatocytes (arrows). H&E, 300·.
Figure 9 Lead-treated rat received 1% lead acetate trihydrate for
10 months demonstrating hydropic degeneration with cloud swell-
ing in the cytoplasm of some hepatocytes (arrows). H&E, 540·.
Figure 10 Lead-treated rat received 1% lead acetate trihydrate
for 8 months. There was a precipitate of hemosiderin in the portal
triad (arrows). Iron stain, Prussian blue reaction, 300·.
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Pyknotic nuclei of some hepatocytes were seen especially in the
necrotic ones (Fig. 6).
3.6. Binucleation
Occasional binucleation was observed in lead-treated rats
receiving 1% lead acetate and more for 4 months and more
(Fig. 7).
3.7. Cytoplasmic inclusions
Filamentous inclusions similar to Mallory hyaline bodies were
detected in the cytoplasm of some hepatocytes and became
more prominent with increasing the dose and duration of lead
exposure. Occasional autolytic changes and cytoplasm eosino-
philia were observed in some hepatocytes especially in thosewith indistinct cell membranes (Fig. 8). These alterations were
seen in rats that received lead for more than 11 months.
3.8. Necrosis
Sporadic spotty well-deﬁned foci of parenchymal necrosis were
noticed in some hepatocytes of lead-treated rats (Fig. 9). In
addition, a necro-inﬂammatory process within the periportal
zone was also seen. The single cell necrosis was mainly in the
form of intercellular rounded eosinophilic bodies (apoptotic
bodies) surrounded by clear holes. The hepatocytes of the per-
iportal zones were more affected by necrosis where the cyto-
plasm of some of these cells stained more blue than normal.
3.9. Hydropic degeneration
Mild degree of hydropic degeneration and cytoplasm swelling
of the hepatocytes were seen and increased in severity with
Figure 11 Control rat received 2% sodium acetate for 6 months.
PAS stain, 150·.
Figure 12 Lead-treated rat received 2% lead acetate trihydrate
for 6 months demonstrating heterogeneous glycogen reduction
especially in the hepatocytes adjacent to the periportal hepatocytes
than the pericentral ones (stars). Best’s carmine stain, 150·.
Figure 13 Lead-treated rat received 1% lead acetate trihydrate
for 2 months demonstrating alkaline phosphatase activity which
markedly decreased while the adventitia of the blood vessels was
not affected (arrows). 134·.
Figure 14 Lead-treated rat received 2% lead acetate trihydrate
for 7 months demonstrating alkaline phosphatase activity which is
increased in the bile canaliculi membrane and the sinusoidal pole
of hepatocytes (arrow). 134·.
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associated with necrosis (Fig. 9).
3.10. Fatty change
Occasional scattered fatty change was observed in some hepa-
tocytes adjacent to the central vein. This change was seen after
10 months of 2% lead acetate trihydrate treatment.
3.11. Hemosiderosis
A considerable Prussian blue reaction was seen mainly in the
portal triads and the cytoplasm of some Kupffer cells (Fig. 10).
3.12. Glycogen reduction
Lead exposure has produced signiﬁcant reduction in liver gly-
cogen in a heterogeneous pattern. The reduction was mainly inthe hepatocytes adjacent to the periportal zone while the peri-
central and the mid-zonal hepatocytes were less affected (Figs.
11 and 12).
3.13. Medullary hematopoiesis
The liver of some lead-treated rats showed extra-medullary
haematopoiesis in respective to control rats. This alteration ap-
peared after 5 months of lead treatment.
No portal ﬁbrosis or cirrhosis in the liver of any member of
the dose groups over the entire period of study was observed.
3.14. Alkaline phosphatase activity
In the control livers, the enzyme was mainly localized in the
bile canalicular membranes of hepatocytes and at sinusoidal
Figure 15 Light micrograph of the aGPDH activity of normal
rat liver. A heterogeneous pattern of activity is seen in the
cytoplasm of the hepatocytes (stars). 80·.
Figure 16 Light micrograph of the aGPDH activity in the liver
of lead-treated rat received 0.5% lead acetate trihydrate for
2 months. The activity is increased mainly in the parenchymal cells
of the intermediate zones (stars). 80·.
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strated in the adventitia coat of blood vessels (Fig. 13). In the
treated livers, a considerable decrease in the activity was dem-
onstrated in the initial administration of lead acetate (up to
8 weeks) in the rats receiving less than 2% lead acetate, but
the activity signiﬁcantly increased in all treated rats following
12 weeks of treatment. The activity of the enzyme in the adven-
titia coat of blood vessels was not affected by lead intoxication
(Fig. 14).
3.15. a-Glycerophosphate dehydrogenase
In the control livers, a strong activity of aGPDH was seen in
the sinusoidal Kupffer cells and the epithelia of the bile ducts.
A moderate reaction distributed in a heterogeneous pattern
was observed in the hepatocytes of the periportal, intermediate
and terminal hepatic zones (Fig. 15). A considerable reactionwas also seen in the tunica media and a faint one in the endo-
thelia of the portal veins. The activity of aGPDH was in-
creased in the hepatocytes of the livers of lead-treated rats in
comparison with the livers of the control rats (Fig. 16). The in-
crease in the activity was more prominent in the mid-zonal
hepatocytes while the activity was not affected in the hepato-
cytes in the periportal zones. The change in the activity of
aGPDH due to lead intoxication appeared at 0.5% lead ace-
tate trihydrate and more for 2 months and more of continuous
administration.
4. Discussion
Histological alterations as shown in the present investigation
are mild in comparison to those seen with the ﬁndings of oth-
ers. No histological alterations were seen on the structure of
the liver of monkeys that received lead acetate in their diet
for 9 months (Colle et al., 1980), while some investigators
showed that hepatic effects of lead were manifested by abnor-
mal serum enzyme levels and mild hepatitis. The appearance of
inﬂammatory cells in the hepatic tissue due to lead chronic
exposure may suggest that lead could interact with proteins
and enzymes of the hepatic interstitial tissue interfering with
the antioxidant defense mechanism and leading to reactive
oxygen species (ROS) generation which in turn may imitate
an inﬂammatory response (Johar et al., 2004).
Considerable alterations induced by lead intoxication were
seen in the nuclei of the hepatocytes. This might be due to in-
creased cellular activity and nuclear interruption in the mech-
anism of lead detoxiﬁcation. Some of the pleomorphism
alterations seen in the present study were described by previous
studies (Nehru and Kaushal 1993; Abd El-aal et al., 1989).
Some studies indicate that nuclear polymorphism is seen in he-
patic dysplasia and carcinomatous lesion (Zusman et al.,
1991). Binucleation seen in the results of the present study
might represent a consequence of cell injury and is a sort of
chromosomes hyperplasia which is usually seen in regenerating
cells (Gerlyng et al., 2008).
Cell necrosis and vacuolization induced by lead toxicity as
shown by the present work were described previously by other
studies (Abd El-aal et al., 1989; Nehru and Kaushal, 1993).
Apoptic alteration might be followed by organelles swelling
especially the mitochondria, endoplasmic reticulum and rup-
ture of lysosomes which might lead to amorphous eosinophilic
cytoplasm as an initial sign in the sequence of hepatocytes
necrosis before shrinking and dissolution of nuclei (Pandey
et al., 2008). The seen hepatocytes necrosis due to chronic lead
exposure might indicate oxidative stress on these cells by glu-
tathione depletion.
The development of cytoplasmic inclusions due to lead expo-
sure as shown in the results of the present work could be an indi-
cation of injured hepatocytes due to lead toxicity that became
unable to dealwith the accumulated residues resulting frommet-
abolic and structural disturbances caused by lead. The cytoplas-
mic swelling with hydropic degeneration as seen in the results of
the present investigation might be accompanied by the leakage
of lysosomal hydrolytic enzymes that lead to cytoplasmic
degeneration andmacromolecular crowding (DelMonte, 2005).
The data of the present study showed that lead activates the
phagocytic activity of the sinusoidal cells by increasing the
number of Kupffer cells. Similar ﬁndings were reported by
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a result of increased autophagy throughout the hepatic tissue
to help in removing the accumulated lead and its metabolites
where lysosomes are involved in the intracellular breakdown
into small metabolic products. The produced Kupffer cells
hyperplasia might be correlated with the amount of injury to
the hepatic tissue induced by lead intoxication and represents
a defense mechanism of detoxiﬁcation and might be contrib-
uted to hepatic oxidative stress (Neyrinck, 2004).
The present study showed that lead induces reduction in
hepatocytes glycogen content. This ﬁnding is in agreement
with the ﬁndings of other investigations (Al-Fara, 2010) but
not in line with the ﬁndings of some studies (Almansour
et al., 2009). Glycogen depletion might be due to the effect
of lead on glucose absorption or on the enzymes involved in
the process of glycogenesis or/and glycolysis. Hepatocytes of
the periportal zones were more affected than the perivenous
hepatocytes which might indicate glycogenesis was more af-
fected than glycolysis in the periportal hepatocytes which is
metabolized by the perivenous cells that contain higher levels
of glucokinase and pyruvate kinase during the post absorptive
phase. The heterogeneous reduction in glycogen content be-
tween the same type of cells may indicate a difference in the
overall release of glucose. Hepatocytes in the area surrounding
the terminal afferent are mainly gluconeogenic, while those
ones surrounding the terminal efferent venules are mainly gly-
colytic and lipolytic and are involved in biotransformation as
general detoxiﬁcation mechanism.
Alkaline phosphatase activity increased in both of the bile
canalicular and sinusoidal lining membranes of the parenchy-
mal cells of lead-treated rats. These ﬁndings are in agreement
with some biochemical investigations (Nehru and Kaushal,
1993) but contradictory to those of Singh et al. (1994) where
oral administration of lead acetate to experimental rats showed
a signiﬁcant decrease in the activity of hepatic alkaline phos-
phatase. While Fowler et al. (1980) have found no change in
the enzyme activity over 9 months of lead administration.
However, the increase in alkaline phosphatase activity due to
lead intoxication might suggest a need to transfer lead ions
across the membranes where the enzyme is involved in the
absorption and transportation across these membranes (Sand-
hir and Gill, 1995).
The current study also suggests an increase in the activity of
a-glycerophosphate dehydrogenase due to chronic lead expo-
sure. The increase in the activity of aGPDH may indicate a
need to increase NAD–NADH shuttle between the cytoplasm
and the mitochondria under lead poisoning stress.Acknowledgment
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